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(57) Abstract 

Pharmaceutical compositions and a method are dis- 
closed for treating glaucoma and/or ocular hypertension 
in the mammalian eye by administering to the mammalian 
eye the pharmaceutical composition of the invention which 
contains as the active ingredient one or more compounds 
having calcium chelating activity. Examples of calcium 
chelating agents utilized in the pharmaceutical composi- 
tion and method of treatment are as in formula (2) and 
lower alkyl and alkoxyalkyl esters thereof. 
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METHOD FOR REDUCING INTRAOCULAR PRESSURE 
IN THE MAMMALIAN EYE BY ADMINISTRATION 
OF CALCIUM CHELATORS 

5 

BACKGROUND OF INVENTION 
Field of the Invention 

The present invention is directed to pharmaceutical 
10 compositions, and primarily to topically applied ophthalmic 
compositions comprising as the active ingredient one or more 
compounds having the ability to chelate calcium ions, e.g. intracellular 
calcium ions. The pharmaceutical compositions are useful for reducing 
intraocular pressure in animals of the mammalian species. In another 
15 aspect, the present invention is directed to administering such 

formulations and compositions to animals of the mammalian species 
(including humans) for reducing intraocular pressure in the eye. 

Brief Description of the Prior Art 

20 

Glaucoma is an optical neuropathy associated with elevated 
intraocular pressures which are too high for normal function of the eye, 
and results in irreversible loss of visual function. It is estimated in 
medical science that glaucoma afflicts approximately 2 per cent of the 

25 population over the age of forty years, and is therefore a serious health 
problem. Ocular hypertension, i.e. the condition of elevated intraocular 
pressure, which has not yet caused irreversible damage, is believed to 
represent the earliest phase of glaucoma. Many therapeutic agents have 
been devised and discovered in the prior art for the treatment or 

30 amelioration of glaucoma and of the condition of increased intraocular 
pressure which precedes glaucoma. Other compounds known to be 
useful in treating intraocular pressure are disclosed in the following 
patents. 
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United States Patent No. 3,467,756 describes anti-glaucoma-aftd- 
intraocular hypotensive compositions which contain in an ophthalmic 
vehicle 10, ll-dihydro-5-(3-methylaminopropyl)-5, 10-epoxy-ll-hydroxy- 
5H-dibenzo [a,d]cycloheptene or related derivatives. 
5 United States Patent No. 4,197,301 describes ophthalmic 

compositions which contain l-(4-amino-6 / 7-dimethoxy-2-quinazolinyl)-- 
4~(2-furanylcarbonyl)piperazine, also known under the name 
"prazosin". 

United States Patent No. 4,565,821 describes a method of topically 

10 administering certain dopamine antagonists to reduce ocular 
hypertension and to treat glaucoma. 

United States Patent No. 4,886,815 describes a method for treating 
retinal edema by administration of dopaminergic antagonists to a 
patient suffering from such conditions. 

15 United States Patent No, 5,066,664 describes 2-hydroxy-2- 

alkylphenylamino)-oxazolines and thiazolines as anti-glaucoma and 
vasoconstrictive agents. 

United States Patent No. 5,091,528 describe 6 or 7-(2-imino-2- 
inudazoHdine)-l,4-benzoxazines as a adrenergic agents useful for 

20 treating glaucoma. 

The foregoing and other anti-glaucoma and ocular hypotensive 
compounds and agents of the prior art do not provide such treatment or 
cure for glaucoma and ocular hypertension which is satisfactory in all 
respects. Therefore, the pharmacological and related arts and sciences 

25 continue searching for additional and better anti-glaucoma and ocular 
hypotensive agents. 

l,2-bis(2-aminophenoxy)ethane-N,N,N',N / -tetraacetic acid 
(BAPTA) is a specific Ca 2+ chelator that has been used to damp 
extracellular Ca 2+ to desired levels. On the other hand, the 

30 acetoxymethyl ester of BAPTA (BAPTA-AM) the uncharged esterified 
form of the parent compound is used to clamp intracellular 
Ca 2+ (Ca 2+ i). BAPTA-AM penetrates biological cell membranes and is 
hydrolyzed by intracellular esterases yielding the original charged 
impermeable form of the compound once again capable of 

35 buffering/clamping Ca 2+ . (This is reported in Molecular Probes: 
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Handbook of Fluorescent Probes and Research Chemicals; Richar d ft — 
Hauglarid 1992-1994; Section 20: Calcium Indicators, Chelators and 
Ionophores, pages 119-128.) 

5 SUMMARY OF THE INVENTION 

Surprisingly it has been discovered in accordance with the present 
invention that calcium chelating agents are effective as anti-glaucoma 
agents and as agents for reducing intraocular pressure, when such agents 
are applied to the mammalian eye in a pharmaceutical composition, 

10 preferably in a topical ophthalmic composition. Accordingly, the 

present invention relates to a method of treating glaucoma, or ocular 
hypertension by topically administering to the mammalian eye an 
ophthalmic composition which contain an effective amount of a 
calcium chelating agent. A preferred example of calcium chelating 

15 agents suitable as the active ingredients of the ophthalmic compositions 
of the invention are: 



/ 



\ 



\ 




OCH, 



N(CH 2 COOH) 2 

/ 2 



20 and esters, e.g. the lower alkyl and alkoxyalkyl esters thereof. Such esters 
may be represented by the general formula 
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OCH, 



N(CH 2 COOR) : 



/ 



wherein R is lower alkyl, e.g. an alkyl radical having from 1 to 6 carbon 
5 O 

atoms, or -R^OOR 2 wherein R 1 is a lower alkylene radical, e.g. an 
alkylene radical having from 1 to 6 carbon atoms, and R 2 is R, as 
defined above. R, R 1 and R 2 may be interrupted with O or N radicals as 
in alkyloxy alkyl and alkylaminoalkyl moieties, e.g. Ri may be -CH2- 

10 N(CH3)CH2CH2- and -CH2-O-CH2-CH2-. Preferably, R 1 and R 2 will 
comprise from 1 to 4 carbon atoms, e.g. 1 carbon atom. 

While not wishing to be bound by theory it is believed that 
calcium chelating agents, e.g. 1,2-bis (2-aminophenoxy) ethane-N, N, N', 
N'-tetraacetic acid (BAPTA) or the acetoxymethyl ester of BAPTA 

15 (BAPTA-AM), are useful for treating hypertensive glaucoma, because 
intracellular (Ca 2+ i) is fundamental in the activation/ control and 
modulation of epithelial fluid secretion. Thus, clamping/lowering the 
level of Ca 2+ i in the ciliary epithelium, the tissue responsible for 
aqueous humor formation and a determinant of intraocular pressure 

20 (IOP), will reduce inflow and therefore IOP. 

The ophthalmic compositions of the invention contain the active 
ingredient in a concentration range of approximately 0.0001 to 0.1 per 
cent weight by volume. The composition itself includes, in addition to 
the active ingredient, such excipients which are per se well know in the 

25 art for preparing ophthalmic compositions, particularly ophthalmic 
solutions. In accordance with the method of the invention the 
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ophthalmic compositions, preferably ophthalmic solutions are applied 
topically to the mammalian eye approximately 1 or 2 times daily. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Figure 1 is a graph showing the effect of topical administration of 

the drug BAPTA-AM on the regulatory volume decrease (RVD) of a 
suspension of cultured human non-pigmented ciliary epithelial cells. 

Figure 2 is a graph showing the effect of intracameral 
administration of two dosages of the drug BAPTA-AM on the 
10 intraocular pressure (IOP) in the rabbit eye. 

Figure 3 is a graph showing the effect of intracameral 
administration of the drug BAPTA-AM, as compared to saline and 
dimethyl sulfoxide (DMSO) on the intraocular pressure (IOP) in the 
rabbit eye. 

15 

DETAILED DESCRIPTION OF THE INVENTION 
The compounds which are utilized in accordance with the 
method of the present invention, and in the pharmaceutical 
compositions of the present invention, are calcium chelating agents. In 

20 this regard the term calcium chelating agent is defined as those 

compounds which complex with calcium ions under physiological 
conditions, e.g. in an aqueous media at a pH of from 6.5 to 7.8. Specific 
and preferred examples of calcium chelating agents which are utilized in 
accordance with the present invention are provided below. 

25 Pharmaceutically acceptable salts of the calcium chelating agents 

can also be used in accordance with the present invention. A 
pharmaceutically acceptable salts may be any salt which retains the 
activity of the parent compound and does not impart any deleterious or 
untoward effect on the subject to which it is administered and in the 

3 0 context in which it is administered. 

Such a salt may be derived from any organic or inorganic acid or 
base. The salt may be a mono or polyvalent ion. Of particular interest 
where the acid function is concerned are the inorganic ions, e.g. sodium, 
potassium, etc. Organic amine salts may be made with amines, 

35 particularly ammonium salts such as mono-, di- and trialkyl amines or 
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ethanol amines. Salts may also be formed with caffeine, tromethamine 
and similar molecules. It is only important that the cation of any salt of 
a calcium chelating agent utilized in the compositions or methods of 
this invention be exchangeable with intracellular calcium ions. 
5 For reducing intraocular pressure in a mammalian eye, and 

particularly for treatment of glaucoma in humans suffering from that 
condition, the active compounds (or mixtures or salts thereof) are 
administered in accordance with the present invention to the eye 
admixed with an ophthalmically acceptable carrier. Any suitable, e.g., 

10 conventional, ophthalmically acceptable carrier may be employed. A 
carrier is ophthalmically acceptable if it has substantially no long term or 
permanent detrimental effect on the eye to which it is administered. 
Examples of ophthalmically acceptable carriers include water (distilled or 
deionized water) saline and other aqueous media. In accordance with 

15 the invention, the active compounds are preferably soluble in the carrier 
which is employed for their administration, so that the active 
compounds are administered to the eye in the form of a solution. 
Alternatively, a suspension of the active compound or compounds (or 
salts thereof) in a suitable carrier may also be employed. 

20 In accordance with the invention the active compounds (or 

mixtures or salts thereof) are administered in an ophthalmically 
acceptable carrier in sufficient concentration so as to deliver an effective 
amount of the active compound or compounds to the eye. Preferably, 
the ophthalmic, therapeutic solutions contain one or more of the active 

25 compounds in a concentration range of approximately 0.0001% to 
approximately 0.1% (weight by volume) and more preferably 
approximately 0.0005% to approximately 0.1% (weight by volume). 

Any method of administering drugs directly to a mammalian eye 
may be employed to administer, in accordance with the present 

30 invention, the active compound or compounds to the eye to be treated. 
By the term "administering directly" is meant to exclude those general 
systemic drug administration modes, e.g., injection directly into the 
patient's blood vessels, oral administration and the like, which result in 
the compound or compounds being systemically available. The primary 

35 effect on the mammal resulting from the direct administering of the 
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active compound or compounds to the mammal's eye is preferably * ~ 
reduction in intraocular pressure. More preferably, the active useful 
compound or compounds are applied topically to the eye or are injected 
directly into the eye. Particularly useful results are obtained when the 
5 compound or compounds are applied topically to the eye in an 
ophthalmic solution (ocular drops). 

Topical ophthalmic preparations, for example ocular drops, gels 
or creams, are preferred because of ease of application, ease of dose 
delivery, and fewer systemic side effects, such as cardiovascular 
10 hypotentions. An exemplary topical ophthalmic formulation is shown 
below in Table I. The abbreviation q.s. means a quantity sufficient to 
effect the result or to make volume. 

TABLE I 

15 Ingredient Amount(% W/V) 

Active Compound in accordance about 0.0001 to 

with the invention, about 0.1 

20 Preservative 0-0.10 

Vehicle 0-40 

Tonicity Adjustor 1-10 

Buffer 0.01-10 

pH Adjustor q.s. pH 4.5-7.5 

25 antioxidant as needed 

Purified Water as needed to 

make 100% 

Various preservatives may be used in the ophthalmic preparation 
30 described in Table I above. Preferred preservatives include, but are not 
limited to, benzalkonium chloride, chlorobutanol, thimerosal, 
phenylmercuric acetate, and phenylmercuric nitrate. Likewise, various 
preferred vehicles may be used in such ophthalmic preparation. These 
vehicles include, but are not limited to, polyvinyl alcohol, povidone, 
35 hydroxypropyl methyl cellulose, poloxamers, carboxymethyl cellulose, 
hydroxyethyl cellulose, and purified water. 
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Tonicity adjustors may be added as needed or convenient, -3feey 
include, but are not limited to, salts, particularly sodium chloride, 
potassium chloride, mannitol, and glycerin, or any other suitable 
ophthalmically acceptable tonicity adjustor. 
5 Various buffers and means for adjusting pH may be used so long 

as the resulting preparation is ophthalmically acceptable. Accordingly, 
buffers include but are not limited to, acetate buffers, citrate buffers, 
phosphate buffers, and borate buffers. Acids or bases may be used to 
adjust the pH of these formulations as needed. 

10 In a similar vein, ophthalmically acceptable antioxidants include, 

but are not limited to, sodium metabisulfite, sodium thiosulfate, 
acetylcysteine, butylated hydroxyanisole, and butylated hydroxytoluene. 

The ophthalmic solution (ocular drops) may be administered to 
the mammalian eye as often as necessary to maintain an acceptable level 

15 of intraocular pressure in the eye. In other words, the ophthalmic 
solution (or other formulation) which contains the calcium chelating 
agent as the active ingredient, is administered to the mammalian eye as 
often as necessary to maintain the beneficial hypotensive effect of the 
active ingredient in the eye. Those skilled in the art will recognize that 

20 the frequency of administration depends on the precise nature of the 
active ingredient and its concentration in the ophthalmic formulation. 
Within these guidelines it is contemplated that the ophthalmic 
formulation of the present invention will be administered to the 
mammalian eye approximately once or twice daily. 

25 Specific examples of calcium chelating agents which are used as 

the active effective ingredients in the ophthalmic compositions of the 
present invention are described and shown below: 
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N(CH 2 COOCH 2 OCCH 3 )2j 



EXAMPLES 

5 

The present invention is demonstrated by in vitro and in vivo 
data. In Figure 1, 20|X M BAPTA-AM were found to totally depress the 
regulatory volume decrease (RVD) that occurs following hyposmotic 
swelling of cultured human non-pigmented ciliary epithelial (NPE) 

10 cells. In this example, NPE cells were loaded in an isosmotic (290 

mOsm) solution containing 20^iM BAPTA-AM for 30 minutes prior to 
suspension in a hyposmotoic (198 mOsm) solution. Control cells were 
subjected to the same hyposmotic solution but without prior loading 
with BAPTA. Changes in cell volume were measured using a Coulter 

15 Counter interfaced to a Coulter Channelyzer. It is noted that, following 
osmotic swelling, control cells regulate towards their original isosmotic 
volume while BAPTA-loaded cells remain swollen. The above findings 
indicate that intracellular BAPTA via chelation of Ca 2+ i inhibits solute 
and osmotically obliged H2O efflux. Because the Ca 2 +i-dependent ion 

20 flux pathways activated following osmotic cell swelling of NPE cells are 
involved in aqueous secretion, BAPTA will inhibit aqueous humor 
formation and, thus, lower IOP. 

In the in vivo studies normotensive rabbits were injected 
intracamerally with 5 or 20n M BAPTA-AM. Figures 2 and 3 shows that 

25 20\i M BAPTA lowered IOP by 4 to 6 mm of Hg within 6 hours. Taken 
together the above in vitro and in vivo experiments demonstrate that 
chelation of Ca 2+ i in the ciliary epithelium will reduce IOP. 
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Several modifications of the present invention may beco m e * — 
readily apparent to those skilled in the art in light of the present 
disclosure. For example, acetylcholine-like esters of BAPTA or other 
prodrugs of calcium chelating agents will provide target-specific activity 
5 for lowering IOP. In general since acetylchlorine esterases reside 
primarily in the ciliary body and retina, the acetylcholine ester of 
BAPTA or another calcium chelating agent should only be hydrolyzed 
in the above tissue /cell types. 

The advantages of using acetylcholine esters of BAPTA or another 

10 calcium chelating agent are as follows: First, Ca 2+ i will only be 

chelated /buffered in the ciliary epithelium and retina. Thus, other 
ocular cell types will be left unperturbed. Second, extracellular Ca 2+ 
which is critical for maintaining tight junction integrity in fluid 
transporting epithelia will remain unaltered since the acetylcholine 

15 ester of BAPTA will not be appreciably hydrolyzed in the absence of 
esterases. Third, since the retina including retinal ganglion cells will 
also contain BAPTA in its ionized form, large increases in retinal 
ganglion cell Ca 2+ i will be prevented. Because increases in retinal and 
in particular optic nerve Ca 2 +i are believed to play a deleterious role in 

20 the pathophysiology of glaucoma and neural degeneration, intracellular 
BAPTA in the above cell types will afford an additional neuroprotective 
effect. 

In view of the above, it is clear that the scope of the present 
invention should be interpreted solely on the basis of the following 
25 claims, as such claims are read in light of the disclosure. 



30 
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WHAT "IS CLAIMED IS: 



10 



1. A pharmaceutical composition useful for reducing 
intraocular pressure in the eye of a mammal, the composition 
comprising as its active ingredient one or more compounds having 
calcium chelating activity. 

2. The pharmaceutical composition of Claim 1 wherein the 
composition is an ophthalmic solution, adapted for administration to 
the eye of a mammal in the form of eye droplets. 



3. The pharmaceutical composition of Claim 1 wherein the 
compound having calcium chelating activity is present in the 

15 concentration range of 0.0001 to 0.1 per cent by volume. 

4. The pharmaceutical composition of Claim 2 wherein the 
compound having calcium chelating activity is present in the 
concentration orange of 0.0001 to 0.1 per cent weight by volume. 



20 



5.. The pharmaceutical composition of Claim 1 where the 
compound having calcium chelating activity is selected from the group 
consisting of compounds represented by the formula : 



25 



/ 



\ 




\ 



OCHn 



N(CH 2 COOH) 2 

/ 2 



and lower alkyl and alkoxyalkyl esters thereof. 
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6. The pharmaceutical composition of Claim 5 wherein the 
composition contains approximately 0.0001 to 01 per cent weight by 
volume of said compound having calcium chelating activity. 

5 

7. The pharmaceutical composition of Claim 6 where the 
composition is an ophthalmic solution, adapted for administration to 
the eye of a mammal in the form of eye droplets. 

10 8. A pharmaceutical composition useful for providing 

neuroprotective activity in the eye of a mammal comprising as its active 
ingredient one or more compounds having calcium chelating activity. 



9. The pharmaceutical composition of claim 8 wherein the 
15 compound having calcium chelating activity is selected from the group 
consisting of compounds represented by the formula: 

/ \ 



\ 




and lower alkyl and alkoxyalkyl esters thereof. 

10. The pharmaceutical composition of claim 9 wherein the 
composition contains approximately 0.0001 to 0.1 percent weight by 
volume of said compound having calcium chelating activity. 



25 11. A method of treating animals of the mammalian species, 

including humans, for the purpose of reducing intraocular pressure in 
the eye of the mammal, the method of treatment comprising the step of 
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administering to the mammal a pharmaceutical composition whiJr 
comprises as its active ingredient one or more compounds having 
calcium chelating activity. 

5 12. The method of treatment of Claim 11 where the 

composition is an ophthalmic solution adapted for administration to 
the eye of a mammal in the form of eye droplets. 

13. The method of treatment of Claim 12 where in the 

10 ophthalmic composition the concentration of the compound having 
calcium chelating activity is in the range of approximately 0.0001 to 0.1 
per cent weight by volume. > 

14. A method of treating animals of the mammalian species, 
15 including humans, for the purpose of reducing intraocular pressure in 

the eye of the mammal, the method of treatment comprising the steps of 
administering to the mammal an ophthalmic composition which 
comprises as its active ingredient one or more compounds having 
calcium chelating activity compounds selected from the group 
20 consisting of compounds represented by the formula: 



/ 



\ 




\ 



OCH, 



N(CH 2 COOH). 

/ 



25 



and lower alky! and alkoxyalkyl esters thereof. 
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15 



15. The method of treatment of Claim 14 wherein the — 
composition is an ophthalmic solution adapted for administration to 
the eye of a mammal in the form of eye droplets. 

16. The method of treatment of Claim 14 wherein in the 
ophthalmic composition the concentration of the compound having 
calcium chelating activity is in the range of approximately 0.0001 to 0.1 
per cent weight by volume. 

17. A method for providing neuroprotective effect to the eye of 
a mammal which comprises the step of administering to the mammal a 
pharmaceutical composition which comprises as its active ingredient 
one or more compounds having calcium chelating activity. 

18. v The method of claim 17 where the compound having 
calcium chelating activity is selected from the group consisting of 
compounds represented by the formula: 



20 



/ 



\ 




\ 



OCH, 



N(CH 2 COOH) 2 

/ 2 



and lower alkyl and alkoxyalkyl esters thereof. 



19. The method of claim 18 wherein the composition contains 
approximately 0.0001 to 0.1 per cent weight by volume of said compound 
25 having calcium chelating activity. 
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20. The pharmaceutical composition of claim 1 wherein the 
compound having calcium chelating activity is selected from the groups 
consisting of compounds represented by the formula: 



/ 



\ 




\ 



OCH, 



N(CH 2 COOR) 2 
/ 



wherein R is selected from the group consisting of alkyl radicals having 

O 

from 1 to 6 carbon atoms and -R^-OC-R 2 wherein R 1 is an alkylene 
10 radical having from 1 to 6 carbon atoms and R 2 is R and wherein R, R 1 
and R 2 may be interrupted with O or N radicals. 

21. The composition of claim 20 wherein R is selected from the 

O O 
15 group consisting of -CH2-O-C-CH3 and -CH2-N(CH3)CH2CH2-C-CH3. 

O 

22. The composition of claim 21 wherein R is CH2-OC-CH3. 



20 23. The composition of claim 8 wherein the compound having 

calcium chelating activity is selected from the groups consisting of 
compounds represented by the formula: 



15 
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\ 




OCH, 



N(CH 2 COOR) 2 
/ 



herein R is selected from the group consisting of alkyl radicals having 

O 

5 fiom 1 to 6 carbon atoms and -Ri-O-C-R 2 wherein R 1 is an alkylene 
radical having from 1 to 6 carbon atoms and R 2 is R and wherein R, R 1 
a\d R 2 may be interrupted with O or N radicals. 



10 



15 



24. The composition of claim 23 wherein R is selected from 

O • O 

tike group consisting of -CH2-O-C-CH3 and -CH2"N(CH3)CH2CH2-C- 
CH3. 



25. The composition of claim 24 wherein R is CH2-O-C-CH3. 



26. The method of claim 11 wherein the compound having 
cAlcium chelating activity is selected from the groups consisting of 
20 compounds represented by the formula: 
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\ 



OCH, 



N(CH 2 COOR) 2 
/ 



wherein R is selected from the group consisting of alkyl radicals having 

O 

5 from 1 to 6 carbon atoms and -R^O-C-R 2 wherein R 1 is an alkylene 
radical having from 1 to 6 carbon atoms and R 2 is R and wherein R, R 1 
and R 2 may be interrupted with O or N radicals. 

27. The method of claim 26 wherein R is selected from the 
10 O O 

group consisting of -CH2-O-C-CH3 and -CH2-N(CH3)CH2CH2-OCH3. 



15 



28. The composition of claim 26 wherein R is CH2-O-C-CH3. 

29. The method of claim 17 wherein the compound having 
calcium chelating activity is selected from the groups consisting of 
compounds represented by the formula: 



/ 



\ 




\ 



20 



OCH, 



N(CH 2 COOR) 2 

/ 2 
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wfherein R is selected from the group consisting of alkyl radicals having 

O 

fijom 1 to 6 carbon atoms and -Ri-O-C-R 2 wherein R 1 is an alkylene 
5 radical having from 1 to 6 carbon atoms and R 2 is R and wherein R, R 1 
a] id R 2 may be interrupted with O or N radicals. 

30. The composition of claim 29 wherein R is selected from the 
O O 
10 g-oup consisting of -CH2-OC-CH3 and -CH2-N(CH3)CH2CH2-C-CH3. 

O 

3L The composition of claim 30 wherein R is CH2-O-C-CH3. 
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